Serum cations containing sodium, potassium, magnesium, and calcium play a central role in numerous processes in the human body, such as volume and osmotic regulation, myocardial rhythm, blood coagulation, and neuromuscular excitability. 1 The reference ranges in serum of normal individuals are in a range of 135-145 mmol/L for sodium, 3.4-5.0 mmol/L for potassium, 0.65-1.0 mmol/L for magnesium and 2.15-2.65 mmol/L for calcium, respectively. 2 The diagnosis of many metabolism disorders, such as diabetes, advanced renal disease, polydipsia, aldosterone deficiency or excess, cardiac disorders, and alcoholism, was determined with the abnormal concentration values of these cations. 1 Therefore, it is very important for the determination of those cations in laboratory medicine.
| E XPERIMENTAL

| Instrumentation
Ion chromatography was carried out with a model Dionex-1100 ion chromatography from Thermo (Thermo Fisher Scientific Inc.
USA) equipped with a 25 μL injection loop. For chromatographic separation, an IonPac CG 16 guard column (50 mm × 5 mm i.d.)
coupled to an IonPac CS 16 analytical column (250 mm × 5 mm i.d.) was used. Electronic suppression was achieved with a Cation Self-Regenerating Suppressor system (CSRS 300, 4 mm) used in the auto-suppression recycle mode. Detection was based on conductivity. The chromatographic signals were performed with a chameleon chromatography workstation (Chromeleon 7.1.2). All the abovementioned equipment were purchased from Thermo Fisher. A water purification system (Millipore, USA) was used to provide Milli-Q water of ultrapure quality (18.2 MΩ) . A hot plate (IKA, Germany) was used to remove the proteins and/or organics in human serum by wet digestion. A Shimadzu TOC-5050 total organic carbon analyzer (Shimadzu, Germany) was used for the determination of the residual organic carbon content. Weighings were made with a model of XS205 Dual Range electronic balance (Mettler Toledo, Switzerland), which has a readability of 0.01 mg. A rotator PTR-35 (Grant-bio, UK) was used to redissolve the lyophilized serum such as RELA specimens. Pipetting was done using 5-mL and 1-mL pipette tips from Eppendorf (Eppendorf AG, Germany).
| Materials and reagents
The standard reference materials were obtained from National Institute of Standards and Technology (NIST): NaCl (SRM 919b), KCl (SRM 918b), CaCO 3 (SRM 915b), and Mg-gluconate (SRM 929a).
Methanesulfonic acid (purity > 99.5%), nitric acid (purity > 99.999%), hydrogen peroxide (≥30%, for trace analysis), and perchloric acid (99.999%) were purchased from Sigma (Sigma-Aldrich Co. LLC., USA).
Filtrations were carried out with Millex-LH syringe filters (0.22 μm pore size, Hydrophilic, PTFE, 13 mm, IC-certified) from Millipore (USA). For filtration and injection, 1-mL plastipak syringes (purchased from Zhejiang Yusheng Medical Instruments Co., Ltd. China) were used. The stock solution of Na, K, Ca, and Mg was prepared by dissolving the standard reference materials in 0.2% HNO 3 solution using a PFA volumetric flask (Vitlab, Germany). Working standard solution was prepared fresh daily by stepwise dilution of the stock with 0.2% HNO 3 solution. The working solutions containing internal standard and specimen were prepared by gravimetric method, and the density measurement was similar to Zhang's report. 14 To exclude the external contamination at any stage of the IC analysis, no glassware (except the conical flask) was used and hand contact of vials was avoided. The conical flasks used in this study were soaking in 10% HNO 3 solution for at least 24 hours before rinsing thoroughly with Milli-Q water. 
| Sample preparation procedure
| Ion chromatography optimization
In this study, Na, K, Ca, and Mg were simultaneously separated using the isocratic conditions with an IonPac CS16 analytical column (250 mm × 5 mm) and detected with suppressed conductivity detection. The eluent was 32 mmol/L methanesulfonic acid with a flow rate of 1.0 mL/min. The guard column and analytical column were maintained at 40°C in a column heater.
| RE SULTS AND D ISCUSS I ON
| Optimization of ion chromatography
As previous literature description, 15 ion chromatography shows a great advantage for the determination of the cations in human serum. All elements, including the internal standard (rubidium, Rb),
can be determined in a single measurement within 30 minutes, as depicted in Figure 1 . In the chromatogram, the peaks are complete baseline separated from each other, although the concentrations of the cations differ by more than 2 orders of magnitude, which are similar to Schiel's report. 13 However, according to the results of our experiments, the IonPac CS16 analytical column may have more advantages for the separation of alkaline earth metal and ammonium than IonPac CS12 or IonPac CS12A analytical column which is chosen for disparating concentration ratios of adjacent eluting cations such as sodium and ammonium in diverse sample matrices. Besides, no impurity peak can be observed in the serum chromatogram, indicating the presence of other cations has no influence on the determination of Na, K, Ca, and Mg under the selected condition.
It is known that the eluent concentration plays an important role in the separation of cations. Therefore, to obtain a high chromatographic resolution (R), the effect of methanesulfonic acid concentration on the separation of cations was studied in the range of 30-34 mmol/L. As shown in Figure 2 , the optimum eluent concentration for separation of cations was 32 mmol/L methanesulfonic acids, at which the chromatographic resolutions were at least 2.7.
Except in this concentration, the chromatographic resolutions were decreased.
| Optimization of the sample digestion procedure
Ion chromatography was very suitable for the separation and analysis of inorganic ions in aqueous solution as the micromembrane suppressor could be injured by organic solvents, organic macromolecules, heavy metal ions, etc. and the analytical column could be contaminated by organic macromolecules such as proteins, which would cause instability baseline, low chromatographic resolution, low precision and accuracy, and so on. However, the human serum specimens contain large amounts of organics; for instance,
Effect of eluent concentration on the separation of cations proteins with the concentration up to 80 g/L. 16 Therefore, the serum specimens should be treated before injecting to the ion chromatography system for separation and analysis. Thienpont and coworkers have done a lot of work in the determination of serum cations by ion chromatography. 13, [17] [18] [19] According to their previous work, the serum specimens were simply treated by acidic dilution to dilute the sample matrix and release the doubly charged cations from the proteins. While, the proteins were still existed and would cause suppressor injury and column contamination, which was not suitable for long-term application with these types of samples. Later, Schiel and coworkers 15 according to previous research. 21 The UV-Vis spectra of serum specimen after digestion with HNO 3 are shown in Figure S1 in the ESI, and the residual carbon contents were more than 90% based on the TOC results. Despite the good recovery and precision of the analytes, the low mineralization rate showed that this digestion procedure was not appropriate. Those organics still existed and would cause suppressor injury and column contamination, which was not suitable for long-term application with these types of samples. After the serum specimens digested with 2.0 mL HNO 3 (120°C) followed by 2.0 mL H 2 O 2 (80°C), serum samples were almost completely mineralized into inorganic salts based on the UV-Vis spectra (See Figure 
| Analytical performance
Based on the above experimental results, the optimal conditions for the proposed method were as follows: 1.0 mL of serum specimen digested with 2 mL nitric acid (120°C), followed by 2 mL hydrogen peroxide (80°C), redissolved in 25 mL of HNO 3 solution (0.2%), filtered through a 0.45 μm microporous membrane and determined by ion chromatography. The eluent was 32 mmol/L methanesulfonic acid with a flow rate of 1.0 mL/min, and the guard column and analytical column were maintained at 40°C in a column heater.
Under the optimal conditions, the analytical performance of the proposed method, including linear range, calibration curve, and the limits of the detection (LODs), was evaluated, and the results are summarized in Table 1 . The LODs, calculated by signal-to-noise ratio of 3, were 0.50 μg/L for Na, 2.14 μg/L for K, 1.16 μg/L for Mg, Method precision was determined in terms of repeatability and quantified by the coefficient of variation (CV) of the replicate measurements. In this work, 6 replicate serum specimens were digested and detected under the optimal conditions. CV was determined to be 0.27%
for Na, 0.37% for K, 0.60% for Mg, and 0.65% for Ca, respectively. A comparison of CV obtained by the proposed method with that obtained by other approaches followed by ion chromatography analysis was carried out, and the results were similar to the reference methods. 
| Analytical applications
The trueness of the proposed method was demonstrated using The results are given in Table 2 . As shown in Table 2 Table 4 .
| CON CLUS IONS
Ion chromatography with a simple sample treatment procedure for the determination of cations in human serum specimens was developed. This proposed method could be recommended as a reference measurement procedure in clinical chemistry. 
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